The Defense Waste Processing Facility (DWPF) began processing Sludge Batch 6 (SB6), also referred to as Macrobatch 7 (MB7), in June 2010. SB6 is a blend of the heel of Tank 40 from Sludge Batch 5 (SB5), H-Canyon Np transfers and SB6 that was transferred to Tank 40 from Tank 51. SB6 was processed using Frit 418.
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Introduction
The Defense Waste Processing Facility (DWPF) began processing Sludge Batch 6 (SB6), also referred to as Macrobatch 7 (MB7), in June 2010. SB6 is a blend of the heel of Tank 40 from Sludge Batch 5 (SB5), H-Canyon Np transfers and SB6 that was transferred to Tank 40 from Tank 51. 1 SB6 was processed using Frit 418. 2, 3 Sludge is received into the DWPF Chemical Processing Cell (CPC) and is processed through the Sludge Receipt and Adjustment Tank (SRAT) and Slurry Mix Evaporator Tank (SME). The treated sludge slurry is then transferred to the Melter Feed Tank (MFT) and fed to the melter. During processing of each sludge batch, the DWPF is required to take at least one glass sample to meet the objectives of the Glass Product Control Program 4 (GPCP) and to complete the necessary Production Records so that the final glass product may be disposed of at a Federal Repository.
The DWPF requested various analyses of radioactive glass samples obtained from the melter pour stream during processing of SB6 as well as reduction/oxidation (REDOX) analysis of MFT samples to determine the impact of Argon bubbling. 5 Sample analysis followed the Task Technical and Quality Assurance Plan (TTQAP) 6 and an Analytical Study Plan (ASP). 7 Four Pour Stream (PS) glass samples and two MFT slurry samples a were delivered to the Savannah River National Laboratory (SRNL) from the DWPF. Table 1 -1 lists the sample information for each pour stream glass sample. SB6 PS#3 (S03472) was selected as the official pour stream sample for SB6 and full analysis was requested. This report details the visual observations of the as-received SB6 PS#3 glass sample as well as results for the chemical composition, Product Consistency Test (PCT), radionuclide content, noble metals, and glass density. REDOX results will be provided for all four pour stream samples and vitrified samples of MFT-558 and MFT-568A. Where appropriate, data from other pour stream samples will be provided.
It should be noted that the SB6 PS#2 sample (collected while filling glass canister S03469) was designated as the archive sample and will be placed in Primary Container 106 (PC0106). Limited analyses were requested from this sample, so the remaining glass in the Pt-Au collection boat will be archived. pour stream glass were digested by two separate methods: aqua regia (AR) 9 and sodium peroxide fusion (PF). 10 Three Analytical Reference Glass (ARG-1) standards were also digested by each method and submitted along with the samples. All of the prepared samples were submitted to Analytical Development (AD) and analyzed by Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES). A multi-element standard and blank were also included in the analyses in order to assess the performance of the instrument over the course of the analyses.
Radionuclide Composition
The SB6 PS#3 glass sample was prepared in quadruplicate using peroxide fusion and was analyzed by AD using Inductively Coupled Plasma -Mass Spectroscopy (ICP-MS) to determine actinide and fission product content. The glass was also dissolved by a mixed acid dissolution 11 and was analyzed by counting methods to calculate the radionuclide concentration. The reportable radionuclides for the Glass Product Control Program not measured in this study were calculated from the slurry results using a calculated Waste Dilution Factor (WDF).
Noble Metals
Noble metal concentrations were analyzed in SB6 PS#3 using ICP-MS from the peroxide fusion dissolution. The total silver concentration is calculated using the measured concentration of 109 Ag and the calculated concentration of 107 Ag. 12 Due to interference from Cd, the palladium concentration is calculated using the sum of the measured concentration of 105 Pd and the calculated concentrations of 106 Pd, 107 Pd, 108 Pd, and 110 Pd using their fission yields. 12 The total concentration of ruthenium is calculated from the sum of the measured concentrations of three isotopes: 101 Ru, 102 Ru, and 104 Ru. The reported concentration of rhodium is from the measured concentration of a single isotope, 103 Rh.
In addition, a sample of SB6 PS#3 was analyzed using Scanning Electron Microscopy (SEM) along with Energy Dispersive Spectroscopy (EDS) to image and analyze any inhomogeneities, including noble metal inclusions, in the glass. Samples of SB6 PS#1, #2 and #3 were also submitted for X-ray Diffraction (XRD) analysis.
Product Consistency Test (PCT)
The PCT was performed on quadruplicate samples of SB6 PS#3 to assess chemical durability using Method A of the procedure. 13 Also included was the Environmental Assessment (EA) glass, the Approved Reference Material (ARM) glass, and blanks from the sample cleaning batch. Samples were ground, washed, and prepared according to the standard procedure. ARM and EA were prepared in triplicate whereas the SB6 PS#3 sample was prepared in quadruplicate. The resulting solutions were sampled (filtered and acidified) and analyzed by AD. Samples of a multi-element, standard solution were also included with the glass samples as a check on the accuracy of the ICP-AES. Normalized release rates were calculated based on the measured composition using the average b of the leachate concentrations.
Density
The densities of SB6 PS#2 and SB6 PS#4 were measured with a Gay-Lussac pycnometer. c By using the mass of the empty pycnometer (m 0 ), pycnometer and sample (m 1 ), pycnometer and sample and water (m 2 ) and pycnometer and water (m 3 ), the density of the sample (ρ s ) is calculated by b It should be noted that one of the sets of triplicate values for EA was not used in the calculation due to erroneous results. It appears that a sample of ARM was used instead of EA. c No glass was available to measure the density of SB6 PS#3; however measurement of SB6 PS#2 and #4 should be bounding.
where ρ H2O d is the density of water at the measurement temperature. A reference glass e was included in the set of measurements as an internal check of the measurement technique in the shielded cells.
REDOX
Pour Stream Samples
A sample of each pour stream glass was ground and then sieved to -200 mesh. All samples were prepared for REDOX measurement and analyzed via UV-Vis spectroscopy according to procedure. 14 In addition to the pour stream samples, the EA glass was included in each set of measurements as an internal check of the measured REDOX value.
MFT Samples
Both of the MFT slurry samples were prepared in triplicate and vitrified via the sealed crucible method according to procedure. 15 All of the samples were removed from the alumina crucibles, ground and sieved to -200 mesh. The samples were then prepared and analyzed in a similar manner as the pour stream samples (Section 2.7.1).
Summary
A summary of the analyses for each pour stream sample is shown in 
Results and Discussion
Visual Examination and Analysis
Upon the receipt inspection, none of the pour stream glasses appeared to have a significant surface film (if any); however, the surface rinse water f from SB6 PS#2 and SB6 PS#3 did contain a detectable amount of sulfate as shown in Table 3 -1. Presence of a sulfate layer, specifically Na 2 SO 4 , was also detected on the surface of the SB5 pour stream glass. 16 d The density of H 2 O was assumed to be 1 g/cm 3 for all measurements. e The density of a sample of NIST 1830 glass was determined to be 2.49 g/cm 3 using the Archimedes method (ITS-0057) prior to its placement in the shielded cells. f Samples were rinsed with de-ionized water prior to removal from the Pt-Au collection boat and submitted to AD for Ion Chromatography (IC) anion analysis. Table 5 -1 and Table 5 -2 in Appendix A provide the measured elemental data from glasses prepared using aqua regia and peroxide fusion, respectively. Table 3 -2 shows a comparison of the published 17 and measured composition of the ARG-1 glass. The measured value is the average of the six replicates (three from each dissolution method) unless otherwise noted. In general, the measured values are consistent with the published values; however, there was some variation in the measurement of SiO 2 as shown by the Relative Standard Deviation (%RSD). The sum of oxides is within the Product Composition Control System (PCCS) acceptance limits (the interval of 95 to 105 wt%). Table 3 -3 lists the oxide composition of the SB6 PS#3 glass. The measured value is the average of the eight replicates (four from each dissolution methods) unless otherwise noted. Some of the analytes were below the detection limit of the instrument and are noted by a result preceded with a "<." The %RSD for the major glass components (> 0.5 wt%) is less than 10%, indicating good precision in the results.
Chemical Composition
ARG-1
SB6 PS#3
WDF
The WDF for a specific sludge batch is given by where CS(i) is the concentration of component i in the dried Tank 40 sludge 18 and CG(i) is the concentration of component i in the corresponding pour stream glass sample. Average
Concentration (wt%) Element WDF
Radionuclide Composition
Based on measurements and analytical detection limits, thirty radionuclides have been identified as reportable for DWPF SB6 (MB7) as specified by the Waste Acceptance Product Specification (WAPS) 1.2. 1,g Selected radionuclides were directly measured in quadruplicate either by gamma counting, beta counting, alpha spectroscopy or ICP-MS. Table 5 -3 lists the average concentration of these radionuclides in the SB6 pour stream glass. h Table 5-3 and Table 5 -4 in Appendix A provide the actual measured radiological chemical and ICP-MS data, respectively. Some of the analytes were below the detection limit of the instrument and are noted by a result preceded with a "<." The content of each radionuclide was also calculated from measured values of the Tank 40 dried SB6 sludge and the average WDF value shown in Table 3 -4. 1
Noble Metals
The average measured concentrations of the noble metals based on quadruplicate measurements of SB6 PS#3 are listed in Table 3 -6 . Table 5 -4 in Appendix A provides the actual measured ICP-MS data. The calculated noble metal concentration in the glass is determined from the concentration in the Tank 40 sludge 18 and the average WDF value ( Table 3 -4) .
In addition to ICP-MS, the SB6 PS#3 glass was also analyzed with SEM-EDS for noble metal inclusions. Examination of the glass with EDS indicated the presence of both Ru and Pd, which corresponds to the results of the ICP-MS noble metals analysis in Table 3 -6. i Noble metal inclusions have been observed in previous pour stream samples, including SB4 and SB5. 16 Ru was also detected via XRD in SB6 PS#1 as shown in Figure 3 -1. No crystalline phases were detected in SB6 PS#2 and #3.
g Th-229 was identified as reportable for SB6; however, there is no direct method for measuring its concentration, so its value will not be presented in this report. Based on the calculated values presented in SRNL-STI-2011-00189, Th-229 becomes reportable in the year 2715, which is of no practical significance to this study. h Th-232 was also added to the list as it was measured at greater than 0.2 wt% by ICP-MS. i More details can be found in notebook SRNL-NB-2011-00029 (pages 74-77). 
PCT
The average normalized release values for ARM j , EA and SB6 PS#3 are shown in Table 3 -7. 19,20 No water loss issues were observed over the course of the test. Table 5 -5 in Appendix A provides the elemental leachate concentrations for the solution samples generated by the PCTs. The normalized release values of the pour stream glass for B, Li, Na and Si are below 1 g/L, which is very acceptable with respect to the EA glass benchmark value of 16.7 g/L.
Density
The densities of SB6 PS#2 and #4 were determined to be 2.6 g/cm 3 and 2.5 g/cm 3 , respectively. Data from the density measurements are shown in Table 5 communicated to DWPF in a series of brief memoranda. [21] [22] [23] Table 3-8 and Table 3 -9 list the average calculated values for Fe 2+ /∑Fe and Fe 2+ /Fe 3+ for the pour stream samples and MFT samples, respectively. Complete sets of data for each of the replicates and EA samples included with individual sets are shown in Table 5-7 and Table 5 -8 in Appendix A. 
Conclusions
 The sum of oxides for the official SB6 pour stream glass is within the PCCS limits (95-105 wt%).
 The average calculated WDF for SB6 is 2.3. In general, the measured radionuclide content of the official SB6 pour stream glass is in good agreement with the calculated values from the Tank 40 dried sludge results from the SB6 WAPS sample; however, the measured value of Cs-137 is an order of magnitude higher than calculated, which is expected since the Tank 40 sample does not account for salt addition.
 As in previous pour stream samples, ruthenium and palladium inclusions were detected by SEM-EDS in the official SB6 pour stream sample.
 The PCT results indicate that the official SB6 pour stream glass meets the waste acceptance criteria for durability with a normalized boron release of 0.69 g/L, which is an order of magnitude less than the EA glass.
 The measured density of the SB6 pour stream glass was in the range of 2.5 -2.6 g/cm 3 .
 The Fe 2+ /∑Fe ratio of the SB6 pour stream samples were in the range of 0.25 -0.41, while the MFT-558 sample was in the range of 0.44 -0.50 and the MFT-568A sample was in the range of 0.02 -0.16.
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